Although management of diabetes mellitus is improving, inadequately managed cases still exist. Prevention of diabetes mellitus requires an integrated and holistic approach based on the origin of the disease. In Europe only half of diagnosed patients with diabetes mellitus have good glycaemic control. Inadequate glycaemic control is significantly increasing the use of healthcare resources, the medical costs and mortality rates. A review was conducted in order to summarise and discuss central themes for prevention. A search of the databases PubMed, CINAHL, Cochrane and Google Scholar between January 2010-May 2019 was undertaken. The following keywords: 'diabetes mellitus', 'cardiovascular diseases', 'empowerment', 'self-management education' and 'lifestyle factors' were used in different combinations to identify eligible articles. Important variables for the prevention of diabetes mellitus and its complications are self-management of diabetes mellitus and the management of risk factors. Education and support for self-management are fundamental when caring for people with a chronic disease like diabetes mellitus. In order to achieve effective self-management including lifestyle modification it is also crucial to motivate people. In this review, the role of the three main pillars in diabetes care are identified and discussed; patient empowerment, self-management education and lifestyle modification in the management of people with diabetes mellitus.
Introduction
Diabetes mellitus (DM) is a major public health problem, affecting people of all ages worldwide. It is resulting in increased mortality, morbidity and important reduction in quality of life especially in industrialised countries where risk factors such as obesity and unhealthy eating habits are more common. 1 The International Diabetes Federation (IDF) estimated there were 451 m people with DM worldwide in 2017 and that number will increase to 693 m by 2045. Moreover, it was estimated that almost half of all people living with DM are undiagnosed. 2 This poses a great challenge to many countries' healthcare systems and resources.
The progression of DM is associated with a number of complications, such as visual loss, amputation, neuropathy, end stage renal disease, cardiovascular disease (CVD), infections and cognitive impairment. 3 Although DM management is improving, inadequately managed cases still exist, either in dietary habits 4 or exercise. 5 It is estimated that only one-third of people with DM are able to effectively manage their disease, while more than half of these people report significant distress related to their illness and its management. 1, 6 In DM, patients are challenged on a daily basis to follow a complex set of behavioural actions such as following a meal plan, engaging in appropriate physical activity and taking medications. 7 This regimen is further complicated by the need to integrate and sequence all of these behavioural tasks into a patient's daily life. 7, 8 European guidelines on CVD prevention emphasise the importance of keeping close to the recommended targets for blood pressure, lipid control, glycaemia and glycated haemoglobin (HbA1c) for the prevention of CVD and recommend that screening for potential type 2 DM in patients with CVD is initiated with HbA1c and fasting plasma glucose (FPG), and that an oral glucose tolerance test (OGTT) is added if HbA1c and FPG are inconclusive. 9 Health professionals (HPs) should tailor their patient self-care support based on the degree of personal responsibility the patient is willing to assume towards their diabetes selfcare management. 10 A multicentre study conducted in Spain in 2015 showed that only 45% of people with diagnosed DM had good glycaemic control while previous studies in Europe showed similar results of 54% in Belgium and 61% in Germany. 11 Similarly, in the USA only 55.5% of participants achieved good glycaemic control. 12 Access to resources and support systems, patients' attitude and expected treatment efforts, comorbidities, disease duration and risk of hypoglycaemia are the main factors that are related to inadequate glucose control. 13 It is stated that inadequate glycaemic control is significantly increasing the use of healthcare resources, medical cost and mortality rates. 14 More specific complications of diabetes (mostly macrovascular diseases) accounted for more than half of the lifetime direct medical costs among patients with DM. 14 Lifestyle management is a fundamental aspect in DM care and includes self-management education, self-management support and lifestyle modification. 15 According to Orem et al., self-care is a human regulatory function where people must act for themselves on the basis of deliberation. Self-care as deliberate action is an action to achieve a foreseen result, preceded by investigation, reflection and judgment to appraise the situation and by deliberate choice about what should be done. 16 Self-management is the process of actively engaging in self-care activities with the goals of improving one's behaviours and well-being. Self-management includes meal planning, planned physical activity, blood glucose monitoring, taking diabetes medicines and managing episodes of illness and of low and high blood glucose. 17 The national standards for diabetes self-management education and support define diabetes self-management education as a collaborative and ongoing process intended to facilitate the development of knowledge, skills and abilities that are required for successful self-management of diabetes. 18 To facilitate self-management in chronic diseases, the pattern of patient-provider relation must be more collaborative. The patient-provider collaborative relationship and communication is shown to result in greater patient satisfaction, adherence to treatment plans and improved health outcomes. 19 This approach promotes shared decision-making (SDM), a patientcentred approach that helps patients make better healthcare decisions based on their informed preferences in collaboration with their healthcare provider. 20 SDM allows both provider and patient to be expert, to discuss about different treatment options and to consider options in light of the values, preferences and context of the patient. 21 In order to achieve effective self-management including lifestyle modification, it is crucial to motivate people with DM. Lack of motivation, absence of social support and disease-related implications, such as fatigue, are the main reasons for non-adherence to effective self-management of people with DM. 22, 23 Education and support for self-management are fundamental when caring for people with a chronic disease like diabetes. Self-management education should be customised and meet the people's needs taking into account their disease experience, personal characteristics, such as medical history, age, health beliefs and attitudes, diabetes knowledge, health literacy, physical limitations, family support, financial status and sociocultural factors. 24, 25 In addition to personal characteristics, the environment that people with DM live in should also be accounted for, such as the physical or social living environment. 26 In this review, we will summarise and discuss the role and effect of lifestyle modification, self-management education and patient empowerment in the management of people with DM. We consider what lifestyle modification is and the effect of lifestyle modification interventions, the importance of self-management education and of patients' empowerment to establish self-management and modes of delivery.
Methodology
This is a literature review aiming to overview, summarise and discuss the role and effect of patient empowerment, self-management education and lifestyle modification in the management of people with DM.
A search of the databases PubMed, CINAHL, Cochrane and Google Scholar between January 2010-May 2019 was undertaken. The search was limited to 2010 onwards in order to identify the most recent available data on effective strategies for the prevention and management of DM. The following keywords: 'diabetes mellitus', 'cardiovascular diseases', 'empowerment', 'self-management education' and 'lifestyle factors' were used in different combinations to identify eligible articles.
Empowerment of persons with DM
Empowerment is a process whereby an individual has greater ability to determine their decisions and self-care activities for their health. 27 In people with DM it is important to have sufficient diabetes-related knowledge in order to increase patients' empowerment. [28] [29] [30] Several studies have shown that empowerment can reduce the level of HbA1c, endorse behavioural changes, improve psychological status and increase health literacy, self-care and control. 29, 31, 32 Mutual participation, raising awareness, providing necessary information, taking into account cultural interpretation and language differences, and open communication are critical strategies of the empowerment approach, which aims to increase a person's ability to think critically and take decisions on care autonomously. 32, 33 Engaging individuals in their healthcare decisions can enhance their adherence to therapy through allowance of exploring their own agenda, interests and needs. 34 Studies have shown that improved dietary knowledge is associated with better glycaemic control because persons well-equipped with dietary knowledge tend to make informed decisions that are appropriate to their health condition. 27 This is considered to be very important for chronic health diseases as recognised by the World Health Organization (WHO), while keeping or improving persons' quality of life. 35 A patient-centred empowerment-based programme can improve the quality life of persons with poorly controlled DM. 8 The study of Chan et al. shows that participants who received the person-centred empowerment-based programme, demonstrated a reduction in HbA1c of 0.476%, which is approaching a clinically meaningful improvement in glycaemic control. 36 
Modes of delivery
Regarding the ways of the empowerment, a lot of studies choose to use face-to-face communication between healthcare providers and people with DM. However, this mode requires that the healthcare provider is creative and innovative in order to increase patients' interest in care. 32, 37 Although, this intervention seemed to be more effective at an early follow-up time, which may be associated with the initial motivation of people with DM. 38 The development of innovative diabetes care management is important in order to provide continuity to care, improve healthy lifestyle and reduce patient risk factors and comorbidities. Diabetes technologies can be used to empower people with DM and improve their self-care. 39, 40 A recent systematic review concluded that information technology strategies combined with other elements of chronic care models can significantly improve glycaemic control. 41 A study that used tablets for monitoring, guidance and feedback showed there was a significant reduction of HbA1c. 42 In addition to these effects, telemonitoring can offer care at a distance and improves healthcare, access, reliability and quality while it is reducing the use of hospital beds, patient travelling and time out from work. 38, 43, 44 Applications and smartphone technologies offer technological solutions for telemedicine, social interaction, exercise monitoring and specific diabetes health platforms. Diabetes health platforms have built a diabetes digital ecosystem by incorporating large amounts of real-world data. 45, 46 Blogs, forums and social media can also contribute to the empowerment of people with DM and increase of self-care. Although these are not specific diabetes technologies, they can be used for social interaction of people living with diabetes. An important sense of support may come from sharing experiences, connections or even technical support. In the study of Vaala et al. in 2015, social media use has shown added value for self-management in chronic conditions, including diabetes. 47 Apart from providing practical advice and support, forum members can share advice, experiences and information to motivate each other towards healthy behaviours. 45 For persons with diabetes, online discussion groups are found to have a positive impact on patients' confidence and their ability to actively make decisions with the healthcare team about their condition. On the other hand, people with DM feel that the information and support they gain allows them to participate in shared decision-making and to take an active role in managing their condition. 48 The main disadvantage for the use of these technologies is safety, regarding information accuracy and data protection. However, online communities, blogs and social media are unstoppable and will continue to be sources of support and information for people living with chronic conditions. Healthcare providers should be able to guide people with DM towards trustworthy online information sources. 46, 47 New approaches of communication and social interaction also enhance individuals' 'peer support' and this has the potential to promote self-management and care quality, especially in low resource settings and persons who are not much supported by their families and friends. 49 'Peer support' is defined as 'support from a person who has experiential knowledge of a specific behavior or stressor and similar characteristics as the target population' (p. 329) and may empower people through building trust from shared experiences and by providing informational and emotional support. 50 It is found to improve clinical, behavioural and psychological outcomes in persons with DM. 49, 51 Even telephone peer coaching is found to significantly improve general health, fatigue, patient activation, diabetes empowerment, self-efficacy, depression, levels of HbA1c and communication with physician. 52 The complexity and diversity of DM control indicates the need to think and implement empowerment strategies formed by an interdisciplinary team (IDT). Jiao et al., in 2016, have shown that the performance of an IDT can be effective and reduce macrovascular complications of DM. 53 Moreover, it is reported that an IDT provides the greatest positive impact on glycaemic control in people with DM. 54, 55 The focus is on how various professionals in the team function together in an integrated manner (interdisciplinary) rather than alongside each other (multidisciplinary), and how flexibility is needed with respect to professional boundaries. 55 
Self-management education
Self-care includes adherence behaviours like dietary change, exercise, regular self-medication, insulin injection, self-monitoring of blood glucose (SMBG) and insulin dose adjustment. 56 Lifestyle medicine has emerged as a systematised approach for the management of a chronic disease such as diabetes. 57 The national standards for diabetes self-management education and support deEne diabetes self-management education (DSME) as, 'a collaborative and ongoing process intended to facilitate the development of knowledge, skills, and abilities that are required for successful self-management of diabetes' (p. 1). 58 Education and support for self-management are fundamental when caring for people with a chronic disease like DM. Selfmanagement and outcomes of DM are increased through the use of self-management strategies. 34, 38, 52 DSME should be customised, meet the person's needs and take into account personal characteristics, such as medical history, age, health beliefs and attitudes, diabetes knowledge, physical limitations, family support and financial status. 24, 25 Moreover, healthcare providers should emphasise cultural beliefs in self-care management programmes. 8 
Self-efficacy and self-care behaviours
Successful self-management of DM requires sufficient knowledge of the condition and its treatment and the performance of self-management activities and skills 34 and self-care behaviours are found to influence the HbA1c levels in patients with DM. 32 According to Bandura, self-efficacy is the belief in one's capability to predict and accomplish certain behaviours. Selfefficacy is influence directly on self-care behaviours and through these the level of HbA1c and glycaemic control. 59 Self-management is a key strategy in DM management, since it improves metabolic control and quality of life and reduces the risk of complications, hospitalization and mortality. 7, 31 Self-management behaviours are integral to optimise glycaemic control and prevent the progression of diseases and associated complications. Intervention programmes for persons' empowerment, can facilitate participants to achieve significant changes on diet management and blood glucose self-monitoring. 8, 60 Persons' empowerment helps increasing their awareness as well as encourages the mutual trust and open communication between patients and healthcare providers. In this way, the empowerment of persons with DM will improve their self-efficacy and self-care behaviours in order to be actively involved in making decisions and improving their health status. 30 
Lifestyle modification
People with DM are obliged to take important daily decisions concerning their treatment but are often also required to make lifestyle changes with regards to their dietary patterns and level of physical activity in order to prevent or manage concomitant CVDs. 22 Traditional modifiable risk factors for both DM and CVDs include obesity, poor diet, smoking, physical inactivity, elevated blood pressure and elevated HbA1c. Lifestyle modification thus include weight control, dietary pattern adaptation, smoking cessation, aerobic physical activity and strength training. 9 Treatment and adaptation of self-care behaviours in chronic diseases is a slow process, due to the need of the people in these conditions to develop knowledge on their health condition with the possibilities of promoting healthcare, dealing with the disease and preventing complications. 61 
Nutrition therapy and weight management
An important aspect of lifestyle change is, bodyweight management, mostly among overweight and obese people with DM. 9 Andrews et al., in 2011, concluded that an intensive diet intervention as soon as possible after the diagnosis can improve glycaemic control in DM. Moreover, a sustained reduction of 5% of initial bodyweight in obese people with DM, seemed to improve glucose control, lipid levels and blood pressure. 62 There is not a single optimal dietary pattern for all people with DM. An important factor in dietary intervention trials is the duration of time. It is known that participants' adherence to dietary changes declines over the time and as a result there is often a larger improvement in short-term outcomes. A recent metanalysis of Schwingshackl et al., in 2018 , showed that a lowcarbohydrate diet was the best dietary approach in short-term reduction of HbA1c and bodyweight. Mediterranean, moderate-carbohydrate and low glycaemic index/load, high-protein, and low-fat diets were more effective in reducing HbA1c in the longerterm, in larger size studies, and in studies including persons over 60 years old. 63 The risks of alcohol consumption in people with DM include late hypoglycaemia or hyperglycaemia and weight gain, apart from other apparent risks associated with heavy drinking. Observational studies in people with DM, however, showed that moderate alcohol consumption is associated with a lower risk of both macroand microvascular complications compared with abstaining or heavy drinking. 64, 65 A long-term randomised controlled trial from 2015 suggests that moderate wine intake, especially red wine, among well-controlled diabetics as part of a healthy diet is apparently safe and modestly decreases cardiometabolic risk. 66 
Physical activity
Physical activity and exercise play an important role in the prevention of complications and management of glucose in people with DM. [67] [68] [69] [70] It is shown they can improve blood glucose control, reduce cardiovascular risk factors, improve well-being and assist in weight loss. [71] [72] [73] An exercise intervention of a period of eight weeks at least, can reduce the level of HbA1c by 0.66% in people with DM, even if there is no weight loss. People with DM should be advised to break the time they spend being sedentary with brief standing, walking or performing other light activities. 74 
Combined lifestyle interventions
In addition to studies investigating the effects of a healthy diet, weight management or physical activity in isolation, multiple studies have investigated the effect of lifestyle modification using these approaches combined on risk factors of CVD or occurrence of cardiovascular morbidity or mortality in people with DM. A meta-analysis of 14 studies on lifestyle modification in people with DM showed significant improvements in body mass index (BMI), HbA1c, systolic and diastolic blood pressure after lifestyle modifications. 75 However, so far, such combined interventions have not consistently shown a reduced risk of mortality. 76 This was also the case in the Look AHEAD study which is the largest intervention study of lifestyle modification in people with DM to date. This study showed that lifestyle modifications did indeed improve risk factors of CVD but did not reduce the occurrence of cardiovascular morbidity or mortality. 77 
Smoking cessation
The link between smoking and health risk is shown by a large number of epidemiological, case-control and cohort studies. [78] [79] [80] It is impressive that smoking is higher in people with chronic diseases, such as DM, even after the diagnosis. Recent data show that active smoking is associated with significantly increased risks of cardiovascular events among people with DM. More specifically, smokers with DM have 1.44 (1.34-1.54) times greater risk of CVD, premature death and microvascular complications. 81 Moreover, the meta-analysis of Pan et al. showed that active smoking is associated with significantly increased risks of total mortality and cardiovascular events among people with DM. 76, 81, 82 
Discussion
The management of DM, as in all chronic diseases, is complex and requires engagement with specific self-care behaviours. This review summarises and discuss the three main variables that are found to be central in the management of DM; patient empowerment, selfmanagement education, and lifestyle modification.
There is not a unique accepted strategy for behavioural change in DM management. Strategies should be adapted to patients and family characteristics and beliefs and healthcare providers should be capable of adapting the interventions based on these. 83 Every interaction between patients and health professionals is an opportunity to empower, provide information and incorporate it in daily life. An effective start could be the use of videos or posters with information in waiting rooms. Moreover, hospital stays are a good opportunity for healthcare providers to interact both with patients with DM and their families. 83 Studies evaluating the impact of these strategies on DM care and management are using healthcare providers who are responsible for the implementation of these strategies. However, most of the studies relied only on one profession each time working to empower people with DM. 18, [53] [54] [55] Patients' and family involvement in care is a cornerstone of DM management and the healthcare providers' role is to stimulate and support patients' self-management. Self-management education support, including problem-solving and shared decision-making skills development is a continuous process in the care of patients with DM. Although, programmes of empowerment should be adapted to patients' characteristics and healthcare providers should be capable of adapting their interventions based on the patient's proEle. 37 One of the most important factors influencing self-management and clinical outcomes of patients with DM is the quality of communication between the person with DM and the healthcare provider.
Communication is more than just the transfer of information or skills from one person to another; interpersonal aspects of communication in DM care, such as involvement in decision-making and goal setting can impact on how the person with DM relates to and engages in their care. 38 A cross-sectional study on people with DM found a significant correlation between poor communication and non-adherence to medication, especially oral hypoglycaemic medications. 84 Several randomised controlled trials suggested the benefits of DSME, such as improved self-efficacy, improved quality of life, better clinical outcomes (e.g. weight, blood pressure, lipids, glycaemic control) and reduction in the risk of CV events. [85] [86] [87] [88] Studies assessing the impact of DSME programmes vary in a number of parameters such as methods (e.g. patient empowerment, 38 intensive interventions, 62, 77 digital health technology, 40 providers of DSME, duration, intensity and content of education, follow-up intervals and participant characteristics. 34, 62, 77 The systematic review of Chrvala et al. showed the combination of individual and group education and telephone or online contact had a greater effect in reducing HbA1c. 61 Improving self-efficacy is crucial when designing interventions to enhance self-management behaviours and decrease HbA1c levels for patients with DM. The literature supports the view that high self-efficacy is the key for the embracement of a new behaviour. 32 On the other hand, persons with low self-efficacy are less likely to participate in problem-solving actions and have high levels of resistance on medication usage and healthy eating. 8 Negotiating behavioural change by setting personal goals, action planning and reflecting to help persons work through ambivalence, was a key concept of persons' empowerment intervention programmes. Strategies such as the above can be useful to enhance persons' commitment to diabetes self-management. 8 It is known that chronic illnesses, such as DM, require intensive care, both by healthcare professionals and by the patients themselves. Observational studies have shown that adherence to healthy lifestyle behaviours is associated with substantially reduced risks of CVD, complications and death in people with DM. 80, [89] [90] [91] For example, adherence to three or more lifestyle factors (e.g. non-smoking, physical activity, healthy diet and moderate alcohol consumption) was associated with a 50% reduced risk of CVD in 11,527 people with DM. 92 Recent studies have investigated the effects of more intensive and combined approaches to lifestyle modification in people with DM. Such approaches have yielded very promising results such as improvements in glycaemic control and reduction in glucose-lowering medications. 62, 66 Even though the Look AHEAD study found no significant reduction in CVD incidence among adults with diabetes enrolled in an intensive weight loss intervention, a secondary analysis that examined whether CVD incidence in the Look AHEAD study varied by weight or fitness change suggested an association between the magnitude of intentional weight loss and CVD incidence. 77 
Conclusion
Public health policies must focus on increasing the capability of dealing with the rising incidence of DM. DM is a complex chronic disease that requires an integral and multifaceted approach to ensure adequate control with minimal complications. More emphasis should be on empowerment of patients with DM and their families, self-management education and lifestylerelated factors. Diabetes self-management education and nutritional counselling are integral parts of any therapeutic programme throughout the disease course. This will ensure that the patient has access to information on methods to safely monitor and control blood glucose levels. The IDT focused on persons with DM and their families and how they may have an active role in the prevention and management of DM might be the key to deal with the rising epidemic of DM.
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